In this paper, a novel flipped classroom model using a hybrid approach combining traditional, flipped, and an online discussion for peer-assisted learning is presented. In this model, a specifically designed set of lecture notes were prepared by the faculty teaching the course to use in conjunction with online videos to supplement the students' learning process. To initiate discussions, students were asked to post their questions on an online discussion to trigger interactions among themselves and the faculty outside the classroom. Based on the outcome of these discussions, a 15-minute review lecture was prepared by the faculty to address the issues that were raised during the student groups' discussions. Following this brief lecture, the class was turned into a studio environment in which students were able to put into practice what they have learned inside and outside the classroom. Before the end of the lecture session, an online quiz was administered to monitor the students' level of preparation and understanding of the topics being covered. It was shown that the proposed model had succeeded in 1) establishing a virtual peer-assisted learning environment outside-the-classroom, 2) covering more topics by increasing the pace of learning, 3) improving the quality and complexity of the questions being addressed, 4) providing a conductive platform to exchange creative ideas, and finally, 5) increasing the students' overall performance and success in the course. To validate these findings, a quantitative and qualitative analyses were conducted using statistical assessment methods. The effectiveness of this model was verified by assessing the students' performance in pre-and post-exams. Assessment results indicated that students subject to this study were able to score significantly higher on post-exams than what they were previously able to achieve. This demonstrated the improvement in the students' performance level. Furthermore, all the instructional tools that were developed and implemented in this hybrid classroom environment were also presented and discussed in this paper.
Introduction
Recent studies have called for major pedagogical reforms to improve the quality of engineering education by incorporative more active teaching styles 1 . Modern teaching styles apply studentcentered learning techniques to effectively improve the quality of the learning process 2, 3 . However, in today's tightly packed engineering curriculum, the amount of lecture time that faculty can afford to allocate to such active learning activities is very limited. In the early 2000's, the notion of flipping the classroom started to sound as a viable solution for such a problem 4, 5, 6 . The effectiveness of active learning pedagogy and the huge technological advancements in the area of educational technology were the key factors that made classroom flipping possible 7 . Flipping a classroom has the effect of altering the dynamics of the learning process by switching the role of the student from a passive to an active role. Under this model, the student is given instructions to watch a set of short online videos about a specific topic usually outside the classroom. In this model, the role of the instructor has switched from being a leader to a facilitator. Therefore, classroom flipping has the advantage of extending the learning process beyond the classroom walls and allowing students to learn at their own pace. Consequently, this frees up lecture time and allows for more active learning activities to take place such as Page 26.78.2 interactive discussion, collaboration, and problem solving thus keeping the students constantly engaged in the learning process.
Flipping the classroom by substituting traditional lecturing with watching online videos has shown to be an efficient mean of student learning 8 . However, this has the adverse effect of eliminating the adaptive learning environment that the faculty has relied on to tailor their lectures in the traditional classroom settings 7, 9 . To the best of our knowledge this effect has not been addressed in the flipped classroom literature. In this paper, a novel approach to create a virtual peer-assisted learning "outside-the-classroom" environment is presented. To achieve this goal, a hybrid model combining online videos and lecture notes tailored to fit various students' learning styles was developed to incorporate the interactive learning dimension into the flipped classroom model.
Peer-Assisted Hybrid Flipped Classroom Model
This model was developed based on utilizing an online discussion component through the course management software allowing students to virtually interact outside the classroom. The advantage of such approach is to create a peer-assisted learning environment that did not exist in other flipped classroom models presented in the literature. In this model, a detailed set of lecture notes are prepared by the faculty teaching the course based on students' feedback using the online discussions.
These lecture notes are designed to supplement the online video for students who favor the verbal learning style. The content list of the lectures notes for a Computational Thinking course introducing Matlab for engineers is provided in Figure 1 . As part of this model, students were also instructed to post their questions online in a discussion group with the purpose of initiating 2-way communication hub for students and faculty to exchange ideas and ask and answer questions in an informal setting. Participation in this activity was required and students were assigned participation grades based on each their activity. These online discussions were necessary to help the faculty prepare a 15-minute lecture review which is an integral part of this hybrid model. The lecture review was incorporated to provide interactive discussion between students and faculty inside the classroom. After the lecture review, the class was turned into a studio where students put into practice what they have learned and reinforced through hands-on activities. An online quiz was administered towards the end of the lecture to monitor the students' level of preparation and understanding of the topics being covered as a mean of formative assessment. In addition, a formative feedback was implemented in the form of bi-weekly anonymous Google Form survey to help faculty adapt the model to fit the students' needs 13, 14 . The flow of this model is illustrated in Figure 3 . 
Implementation and Evaluation
This proposed flipped-classroom model was implemented in a multi-disciplinary Computational Thinking freshman-level course for engineering majors. This is a 4-credit hour course usually taught over 16-week semester in which engineering students are exposed, for the first time, to Computational Thinking and computer programming. The objective of implementing this model was to maximize the students' "outside-the-classroom" learning experience in addition to providing in-class hands-on practice to a large population of engineering students. This hybrid model was implemented by flipping the classroom, adding an online-discussion, and providing a published lecture notes that goes hand-in-hand with all the topics covered in this course 15 .
To quantify the effect of this model, the performance of the students involved in this study was indirectly assessed in a pre-and post-assessment analysis. Within the first month of starting the course, the conventional classroom model was used and then switched to the new hybrid flipped classroom model for the remainder of the semester. A total of 25 students took part in the preand post-exams. The results of the pre-and post-exams for all the students are displayed in Figure 4 . As shown, the students' performance seemed to significantly improve using this model. However, the improvement between the pre-exam and the first post-exam was not very significant compared to the second post-exam. This is because the students had to adapt to the new model before they became more efficient in utilizing the online discussion component and the other components of this hybrid model. The normal distribution fit for the results of the pre-and post-exams is illustrated in Figure 5 . As shown, these distributions indicate a difference in the overall mean and standard deviation of the pre-and post-exams' grades. An important observation is that the distribution of the first postexam had a slightly higher mean value but larger standard deviation compared to the pre-exam. This was referred to as the implementation phase, since the students had to adapt to the new system. Not all the students in this phase were able to rapidly converge as indicated by the increase in the standard deviation of the students' grades. However, the detail guidance provided by the faculty was instrumental in helping the students utilize the full potential of this model. This supported the underlying hypothesis that the proposed flipped model can improve student performance and provide an effective learning environment outside and inside the classroom. To verify and validate these findings, a thorough statistical analysis using the Minitab statistics software 16 was conducted. Our null hypothesis stated that there were no statistical differences in the students grades obtained from the pre-and post-exams as a result of implementing this model. To test this hypothesis, we used the General Linear Model to analyze our data using a probability of error criterion with a significance level of 1% (p=0.01). The response variable for this analysis was the students' grades obtained from three exams (pre-exam, post-exam_1, and post-exam_2). Two main factors were considered in this analysis. The first factor is the treatment effect modeled by the difference in the pre-and post-exams' grades. The second factor is the student effect modeled as a nuisance or blocking factor. The three-level treatment was the effect of the hybrid flipped-classroom model before, during, and after implementation. The difference among students was considered as a blocking factor to eliminate their induced variability to the response variable. The analysis, as shown in Figure 6 , generated a p-value less than 0.001 which is over an order-of-magnitude smaller than the 0.01 criterion for significance. Therefore, the null hypothesis can be rejected with a confidence level of more than 99.9% and conclude that there is a statistically significant difference between the pre-and post-exams which validates the effectiveness of the proposed model. To further investigate this conclusion, a Fisher's comparison was conducted with a confidence level of 99%. Figures 7 and 8 represent the outcome of the Fisher's comparison. The outcome of this comparison also supports our initial conclusion that the improvement in performance between the pre-exam and the first post-exam is not very significant due to its 99% confidence level (Only 97.34%). However the second post-exam demonstrate a significant improvement in the students' performance with a confidence level exceeding 99.9%. Figure 9 illustrates the residual error plots of this statistical analysis. As depicted, the normal probability plot of the residual error followed a normal distribution. In addition, all the other plots supported this result indicating that the statistical model used was able to model the effect of the treatments very efficiently and the residuals in this case represent pure random noise. In addition, a qualitative survey was administered towards the end of the semester to determine the students' satisfaction level with the hybrid flipped classroom model. To ensure anonymity, the survey was administered using Google Forms and was structured as follows:
 Rate the following statements using a scale from 0 to 10, 0 being absolutely disagree while 10 absolutely agree.
1. I believe that this course (with the new instruction model) was advantageous over the traditional approach of instruction. 2. I believe that the online discussion component was useful in the learning process in this model. 3. I believe that the review at the beginning of every lecture was helpful in clarifying any outstanding misconceptions and allowed for more effective interaction with the professor. 4. I believe that this course was challenging. 5. Given the multi-disciplinary nature of the students of this course, I believe this model has encouraged multi-disciplinary team work. 6. I believe that this model required more time spent outside-the-classroom studying. 7. I recommend that this instruction model would become a standard across all the other courses.
Open-ended question:  What did you like the most about this course?  What would you like to see changed in this course and why?
The average results of the students' survey are summarized in Figure 10 . In general, the results indicate the overall student satisfaction with this hybrid flipped classroom model compared to the traditional classroom models that they are enrolled in concurrently. Page 26.78.9 Students agreed with 89.6% that they have seen advantages when using this model compared to the traditional instruction model. In addition, they also indicated with 90.4% that the online discussion component of this course was very helpful in improving the learning since it did create an interactive virtual learning environment outside-the-classroom. As for the published course notes, the students agreed with 92.8% that they were helpful in illustrating the various concepts and providing extra examples and practice problems. They also agreed with over 91% that the brief review session held at the beginning of every lecture was helpful in addressing any misconceptions that they might had. Since this model was fairly new, being able to adapt to its structure was by itself a challenge as indicated by the 80% response. Students also agreed with over 97% that this model encouraged multi-disciplinary team work and interaction within this course, which helped broaden the scope of knowledge application. On the other hand, the students admitted with 98% certainty that this model required more of the students' time outsidethe-classroom. This was the most common student "dislike" or concern mentioned in this survey. With today's students' engagement in extracurricular activities, 75.6% approval rate to commit to this model is quite satisfactory for the purpose of this study.
Conclusions
In this paper, a novel hybrid flipped classroom model with an online discussion component was presented. The online discussion component of this model was able to create a virtual interactive peer-assisted learning environment outside-the-classroom. The supporting lecture notes were published especially to aid the delivery of the online video content of this course. This made the model hybrid in nature lecture notes/video-based flipped classroom. This seemed to appeal to a large population of engineering students' learning styles. In addition, this model provided a level of student ownership in the learning process which motivated them to perform better. The brief in class review represented a capstone reflection of what the students' were able to learn and even help clarify any outstanding misconceptions through an effective student-faculty interaction. The large part of the lecture time was spent on hands-on practice to reinforce the concepts and principles learned. Furthermore, a pre-and post-assessments of the students' performance were conducted. It was concluded that this model improved the students' academic performance since it maximized the outside-the-classroom learning and inside-the-classroom hands-on practice. In addition, this model provided a unique multi-disciplinary team work and Page 26.78.10 collaboration among students through online and in classroom discussions. All these results were inferred using a statistical analysis with a 99% confidence level.
The results of this study reinforced the importance of collaborative learning outside-theclassroom through virtual interactive environments. This active learning environment was able to improve the flipped classroom model and added to it a new learning dimension. The hybrid approach also helped cater to all the students' learning styles including the visual and verbal learners. However, one of the main challenges in implementing this approach is the students' resistance to change especially if this change is time demanding for the students' outside-theclassroom.
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